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OF SEVERAL METEODS OF MEASURING STATIC.,

PRESSURE ON AN AIRPLANE WING

By John A. Zalovcik and Fh?edL. Dawn
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A flight investigation was made to compare static
pressures in subsonic and supersonic flow over an air-
plane wing as measured by static-pressure tubes, a
static-pressurebelt, and orifices flush with the wing
surface. The measurements were made on the upper surface
of the wing of the P-)+7Dairplane over a range of flight
conditions In which local Mach numbers from 0.34 to 1.41
were obtained at the measurement stations. For some of
the tests, a total-pressure tube was mounted on the wing
surface to determine its characteristics in supersonic
flow.

The results indicated that static-pressuremeasure-
ments obtained with suitably designed and Installed flush
orifices, static-pressure tubes, and static-pressurebelt
will be In reasonable agreement for both subsonic and
supersonic flow.

The pressures in supersonic flow measured by the
total-pressure tube mounted on the wing surface were
found to be in close agreement with values predicted by
theory.

INTRODUCTION

The Installation of static-pressure orifices flush
with the surface of some part of an airplane for the
measurement of pressure distribution may not always be
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praOtiOable. Statio-pres$ure tubes and statib-pressure
belts are two other means that “havebeen used to some
extent. The validity of the pressure measurements
obtained by these means Is questionable, however, because
of the possibility of effects due to mlsalinement with
the local air flow and, at high speeds, premature shock
formation on the static-pressure tubes and belt.

The purpose of the present investigation was to
obtain a compa~ison of static-pressure measurements made
by means of orifices flu~h with the surface, statio-
pressure tubes, and a static-pressure belt In subsonic
and superscnls flow over the upper sur:faceof an .alrplane
wing. As en incidental phase of the investigation, a
comparison was also obtained of the pressure measure- “
ments made by means of a total-pregsure.,tubemounted
above the wing surface cnztsidathe boun~ary layer with
measurements made by meai?sof the total-pressure element
of an airspeed head mounted ahead of the airplane wing.
Measurements were made in straight flight and in turns
at airplane Mach numbers from 0.25 to 0.78 and at lift
coefficients from O.lC to 0.68. A P-~~D airplane was
used for the tests.

SmlmLs
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static pressure

total pressure

local impact pressure outside boundary layer
(Ho - Pf)

distance along chord from leadlng edge

distance along surface from pressure station

chord

local Mach number detetined by qc ~d P

acceleration Or gravity
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subscripts:
,,,.,,f,,.L....... .....=.,-.-

free stream
..-.,.

0

f at flush orifice

b at belt orifice

t at stattc-pressure

a at airspeed head

,, ,, . .. . . . .,

tube or total-pressure tube

APPARA!FUS

3

The Investigation was conducted on a section of
the left wing of a P-47D airplane at about 63 percent
semispan from the planeof symmetry. The wing of the
P-47D Mrpls.ne incorporates Republic S-3 airfoil
sections, which have pressure-distribution character-
istics similar to those of the NACA 23C-series sections.
The test sectton was smoothed and faired by filling and
sanding over the forward 35 percent chord on the upper
surface and over the forward 10 percent chord on the
lower surface. In the first flight, the upper surface
developed a crack at the leading edge of the S3nmunltioR-
compartment door (at 11.5 percent chord) and could not
be kept smooth and unbroken in subsequent flights.

The Installation and location of the flush orifices,
the static-pressure tubes, and the static-pressure belt
on the upper surface of the wing are shown in figures 1
and 2. The flush orifices were located at 15.7, 19.4,
and 2)+.8percent chord along the center line of the test
panel. Some tests were made with the surface contour
around the orifices at 15.7 peroent chord modified
slightly by filing down the orifice and the adjacent
surface. The change in contour, which extended about

$
1 inches inboard and outboard of the orifices, Is shown

in figure 3. The pressures measured by the flush orifices
were referenced to the static pressure measured with an
airspeed head mounted 1 chord ahead of the leading edge
near the wing tip.



One of tti stat~o-pressure tubes tested is shown In
mmbination with a total-pressure tube in figure 4. This
combination was designed for use In locat!ng the position
of trsnsltion from lamin~r to turbulent flow In the
boundary layor. In tha &resent tests, the total-pressure
tubes of the combinations were not used. The static-
pressure tubes were l/a inch in outsid~ diameter and had
six orifices equally snaced around the periphery at*
14 inches (10 tube dtsm) downstream from the hemispherical
&

t
end and 3 tnches upstream i’rcmthe first supporting

braoket. The statl.c-pr~ssu~ tubes were stationed sd
that their orifices wsre et 0.5.7,19.4, and 21;.8per-
cent chord m ths up~er surface of the test section.
The axes of tke tubes mere w!sed I/h inch above the
win

f
surface except that, f~r som tests, tinetube at

19. percent chard was placad in contact with the surface.—

The upstream or stat~c-prkssure tube 1 was 6f inches

inboard of the row of flush orlf!ces and tub;s 2 and 3

were 4* and l+ inches inboard of the flush orifices,

respectively.

The belt, which is shown in cross section in fig-
ure 2, was made up of five Saran (vinylidene chloride)
tubes 1/8 inch In outs!de dlsmeter placed side by side
and cemented to the wing surface. Filler was used
between the adjoirdng tubes to provide a flat surfaoe
and next to the end tubes to fair the belt Into the wtng
surface. A f’inalfinish was obtained by cementing fabfic
over the tubes and over several inches of the wing sur-
face on either side of the belt, applylng cement to the
outside of the fabric, and then sanding the belt smooth.
The bolt extended from 15 percent chord on the lower
surface, around the leadin~ edge, to 35 percent chord
o the upper surface.
?

The center of the belt was
k=lnches outboard of the flush orifices. The orifices

1: the static-pressure belt were placed at the same
chordwise locatlons as the flush orlf~ces and the
orifices in the static-pressure tubes. The arrangement
of the belt orifices is shown in figure 2. The pres-
sures measuzwd by the static-pressure belt and the
static-pressure tubes were referenced to the pressures
measured with the flush orifioes at corresponding chord-
wlse locations.

I
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Total-pressure measurements in the flow over the
wing were made with the tube shown in figure 5. The
tube was made of copper tubing 1/8 lnoh in outside
diameter with a wall thicbess of l/32 Inch. For the
tests, the total-pressure tube was located at 19.4 per- ‘
cent ohord In plaoe of statfo-pressure tube 2 and, at
this location, was set 1 inch above the wing surface
in order to clear the boundary layer for all test oon-
dltlons. Total-pressure m!asuremmts were obtained with
statio-pressure tube 1 In plaoe or removed. The pressure
measured by the total-pressure.tubewas referenced to the .
total pressure measured by the airspeed head mounted ahead
of the wing near the tip.

All pressures were recomled by.an NAOA multiple
recording manometer.

Surfaoe-curvaturemeasurements were made in the
vicinity of the static-pressure tubes and the static-
pressure orifices in the wing and belt by means of a
curvature gage of the type ~ovm in figure 6. me
d stance between the legs of the curvature gage was
i7~ inches. The measurements are presented in figure 7
as a plot of gage deflection against distance ahead of
and behind the looation of static-pressure orifices in
the wing, belt, and static-pressure tubes.

TESTS

Tests were made in straight flight at altitudes from
12,000 to 25,000 feet at indicated alrspeeds from 150

&:;;j ‘er hou.

Tests were,also made in tuzzm

g at an altitude of 20,000 feet at indicated
airspeeds from 310 to 375 ~les per hour. The flight
L4achnumbers ranged from 0.28 to 0.78 and the airplane
lift coefficients ranged from 0.10 to 0.68. The 100al
Mach number of the flow over the wing ranged from 0.34
to 1.4.1at the chordwise stations where the pressure
measurements were made.

.

PKM?NTATION OF RESULTS

The results of the investigation are presented in
figures 8 to 10. In figure .8,the difference between

. .. ... . -.. .——-—- ------ .-.. -... .. . . . . . --- .-.,. --. --— _—.-—-— -.- —.- .. ..—. ------- .. .
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pressure measured ‘~ the static-pressure tubes pt
the pressure measm~d by the oorrespondl~ flush

orifioes- pf as a fraotlon-of the 100ai impa~t pressure
at the flush orifloeG outside the boundary layer q.~ is

plotted against the lonal Maoh number at the flush ‘
orifioes 14fo In figure $),the difference between the
pressure measured by tk belt orifices pb and the
pressure measured by the corresponding flush orifioes
P Is similarly plotted exoept that for x/c = 0.157 In
t&t 1, for which no datq were obtained with the flush
orifice, the pressure of the static-pressure tube was
used as a hasts for comparison. The difference between
the pressure measured b~ the total-pressure tube on the
w~ng ~ and the pressure measured by the total-pressure
element of the airspeed head Ha as a fraotlon of
qof is plotted against ~ in figu~ 10. The theoretical

loss in total pressure, computed by tti.method in refer-
ence 1, is given in figure 10 for comparison.

DISCU$SION OF RESULTS

Static-Pressure Meas&ements

The results shown in figure 8 Indioate that, at
subsonic velocities, the pressures measured by the
statio-pressure tubes were about equal to those measured
by the flush orifIces at x/c = 0.157 and 2 to 3 peroent
of the local Impact p~ssure higher than the

t
ressures

measured b the flush orifices at x/c = 0.19 and
#o = 0.2/+~. In transition frou!subsonic to supersonic
flow, the pressures measured by the tubes relative to
those measured by the corresponding flush orifices
appeared to decrease in all cases by 2 to 4 percent
of the local hpaot pressure. For static-pressure tube~
this decrease occurred at a local Mach number slightly
greater thm 1. In supersonic flow, the pressures were
generally lower for static-pressure tubes 1 and 2 but
hi&her for statlo-pressure tube 3 than the.pressures
measured by the corresponding flush orifices. Data at
100al Haoh numbers between 0.97 and 1.20 Por tubes 2
and 3 were obtained only as a normal shook wave passed
over the chordwise stattons where the measurements were
made. The position of the normal shook wave varied
across the span of the wing, however, with the result

.
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that the flush orifices and the statio-pressure tubes
were in different stages of a steep pressure gradient
associated with shock. The data obtained under this
condition are not included In figure 8. Some of the
values immediately below a 100al Mach number of 1 in
figure 8 were obtained with shook ocourring upstream
of the measurement station.

The variation with chordwise location of the
dlfferences between the pressures measured by the
static-pressure tubes and the flush orifices may be
due to differences In elinement of the tubes with
local air flow, to differences In the surface contour
at the flush orifioes and the tubes (fig. 7), or to
differences in the extent to which the tubes were sub-
merged in the boundary layer. In an attempt to deter-
mine the effect of differences In surface contours, a
test was made with the surface around flush orifice 1
filed down figs. 3 and 7).

A
Although the results of this

test (fig. ) were not conclusive, a tendenoy for the
modified orifice to measure higher preshre than the
original orifice was indicated. The thlclmess of the .
boundary layer at 15.7, 19.4.,and 24.8 peroent chord
was estimated to be about 0.15, 0.25, and 0.35 Inch,
respeotlvely. These estimates were based on boundary-
layer mSMW~~ents made In other tests at an inboard
station and on the assumption that transition from
laminar to turbulent flow occurred at the leading edge
of the aumnmltlon-compartmentdoor. In order to inves-
tigate the effect of the location of a static-pressure
tube In th boundary layer on the pressure character-
Istlos of the tube, a test was made tith static-pressure
tube 2 placed in oontaot with the surface. The results,
which were obtained only in subsonic flow, show that the
static pressures measured with the tube in contaot with
the surfaoe agreed with pressures measured with the
tube l/~.tnoh above the surface.

A mmparison in figure 9 of the statio pressures as
measured by the static-pressurebelt md the flush
orifices shows dlsorepancies in some cases, particularly
for inboard belt orifice 1, between different tests made
under the same flight conditions. This effect was
probably due to the fact that the fabric which fomned
the surfaoe of the belt was not adequately cemented to
the tubes and became detached around the belt orifices
during the course of the tests. Only the results obtained
with the outboard belt orifice 1 and Inboard belt
orifioe 2, where this condition apparently did not occur,

. . . .. - .- . —--- ---- -,. -. .. . . . . ---- .- - .-._ _- - ..-._ . . - _. ________ . ---- - - _ - -
. .
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earlter tests for the other belt
oonsldered as representative of the,
a suitablr constructed belt. For

these oases. the difference ‘h messures measured by
the belt and flush ortfioes was-less than 3 peroent-of
the local impact pressure and showed no large ohange
in the transition from subsmlc to supersonlo flow.
The comparison is subject to tinesame consideration of
the effect of surfaoe contour at the belt and flush
orifices as In the case of tkm static-pressure tubes.
Data for local Waohnumbers between 0.97 and 1.20 are
not included in figure 9 for reasons previously dis-
cussed.

The results in t’i~i 8 and 9 gensra.llyIndicate
that the pressure mea~ements obtained by means of
the statlo-pressure tubes and belt, if disorepanoies
due to faulty belt opnstructi.cinare discounted, were
reasonably aoourate. ~ criti~d Maoh number deter-
mined by etther of tkeso methods, for example, would
probably be correct wlthTn 2 peroent. These results
may not apply, however, to amwngements of statlo-
pressure tubes having o?lfl.eeslocated at different”
distanoea (in tube diam) from the nose and supporting
braoket or to static-pressu~ belts of greater thiolmess “
or fidth in relation to the size of the wing than the
belt used in this Investigation.

.

Total-Pressure Measurements .
.

The pressures measuredly the total-pressure tube
on the upper surface of the wing In subsonic flow were
found to agree with the pressure measured by the total-
pressure element of the airspeed head, as indicated in
figure 10. In supersonic flow over the wing, however,
the total-pressure tube on the wing measured a pressure
that was lower than the pressure measured by the air-
speed head by an amount wbioh increased with local Mach
number. This dlfferenoe in total pressures, due to the
formation of a normal shock weve just ahead of the mouth
of the tube mounted on the wing, is In close agreement
with that mmputed from the theory of reference 1.

.

.
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... ... ... . ,,,., ,- CONCLUSIONS-,-~.,. ,..,,.,......,,..--:.-+...... --......

A flight investigation of sevbral methods of
measuring static pressure and of the characteristics of
a total-pressure tube In supersonic flow has indicated
the following results:

1. The pressures measured by the static-pressure
tubes on the upper surface of the wing in subsonic flow
agreed within 3 percent of the local impact pressure
with the pressures measured by the flush orifices. In
transition from subsonic to supersonic flow, the pressures
measured by the static-pressure tube relative to those
measured by the flush orifices decreased by 2 to 4 percent
of the local Impact pressure.

2. Some results of the tests with the statlc-
pressure belt were influenced by effects due to faulty
construction of the belt. In other cases, however, the
pressures measured by the belt agreed within 3 percent
of the local impact pressure with the pressures measured .
by the flush orifices.

3. The total-pressure tube”located outside the
boundary layer on the upper surface of the wing measured
pressures In supersonic flow that were in close accord
with the values predicted by theory.

LRngley ?lemorlalAeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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Fig. 1

Figure l.- lnstallation of static-pressure .,
belt and static-pressure tubes on test
panel.
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